Experiments to prove whether or not black nanofluids with different stabilisations and ordinary Chinese ink are suitable to be employed as solar nanofluids in volumetric solar absorbers are carried out. For that purpose a test rig consisting of an artificial sun and a sample holder for different black liquids is built and employed for radiation experiments. It is found, that chemical stabilisation and concentration have a significant influence of the practicability of solar nanofluids. Moreover, measured absorption spectra indicate a change caused by heating during the experiments.
Introduction
Renewable energies are playing a growing role in the world economy because they are less harmful and environmentally friendly. Following this trend, the interest in new working fluids, especially solar nanofluids, has increased significantly. Nanoparticles are added to a base fluids to enhance heat transfer and / or absorption processes. The nanoparticle material may vary from pure metals like gold and silver, over ceramic oxides like titania and silica to carbon based particles like graphene sheets, so-called nanohorns or carbon nanotubes (CNT). Nanoparticle size ranges between 10 nm and 100 nm. Larger particles might be relevant for carbon allotropes except diamond. As base fluids mostly standard heat carriers like water, transformer oil or glycol / water mixtures are employed. Quite often a third component is added to the nanofluids. This is done to prevent the nanoparticles from agglomeration and as much as possible from sedimentation. Both effects are caused by forces acting on the nanoparticles. While in the first case the gravitational force is the driving factor in the second case the van der Waals force is relevant. Therefore, chemical stabilisation is for the most nanofluids essential. It is mostly done by adding surfactants or dispersion agents to the base fluid. Examples for such chemical additives are sodium dodecyl sulfate (SDS), polyvinylpyrrolidone (PVP), citric acid, or potassium hydroxide (KOH). Amongst the different nanofluids there are so-called solar nanofluids. These special suspensions absorb in the visible and in the near infrared range. The nanoparticle loads (concentration) of these special two-phase liquids are comparable low. However, the dispersed nanoparticles exhibit high absorption capabilities for solar radiation. One of the most recent overviews on the subject is given by Mahian et al. (2013) . The most challenging tasks with respect to the development of efficient solar nanofluids detected by this study are as follows.
1. High cost of nanofluids because of difficult and complicated production routes. 2. Instability and agglomerating of the nanoparticles due to Brownian and thermophoretic diffusion 3. Most nanofluids show a significantly increased viscosity which may cause increases in the required pumping power 4. So far corrosion and erosion of the walls of thermal devices caused by the nanoparticles are open issues.
Due to the newness of the field of solar nanofluids additional questions arise. With this study some of these questions are addressed. 
Test rig
Thermal experiments are carried out at ILK Dresden employing an artificial sun. This artificial sun consists of twelve lamps each with a power of 2,000 W (Fig. 1) . In order to achieve the highest intensity of radiation exposure for the sample holder the inclination of the structure carrying the lamps is chosen to be 64±0.3º. Fans placed inside the lower box of the artificial sun provided a line outlet below the lamps with cooling air to prevent overheating. An additional a fan is placed inside the measuring chamber to ensure stable ambient conditions. A pyranometer (CMP11, KIPP & ZONEN, The Nederland's) is used to measure the irradiation coming from the artificial sun. The sample holder consists of a black plate of an area of 1 m 2 (1,000 mm x 1,000 mm) which supports 5 glass tubes. The two left and the two right tubes have an inner diameter of 25 mm and a length of 400 mm. They are sealed with rubber plugs. The central tube is different in the sense it is a double-walled vacuum tube with an inner diameter of 20 mm and a length of 300 mm. For the sake of safety (discharge of nanofluids), the whole sample holder is placed in a receiver plate. Each glass cylinder is equipped with a centrically positioned thermocouple Pt100 to measure the internal temperature. Additional thermocouples are employed to determine temperatures at the front and back sides of the sample holder and below the lamps. Before the start of the measurement campaign all thermocouples are calibrated. In a first step, the glass cylinders are filled. Than the samples are left without heating to adapt to the ambient temperature of the measuring chamber. Each test starts by switching on the artificial sun and the fan inside the measurement chamber. The samples are heated for 4 hours and every second a temperature value of all thermocouples is taken. The measurement time was selected according to the time needed to reach constant temperatures at all measurement positions (including the ones at the sample holder). 
Absorption spectra
Vis-NIR spectra of unheated (before experiments) and heated (after experiments) black nanofluids and INK are performed on a CARY 500 spectrophotometer (CARY 500, Varian Dev.) at room temperature. The wavelengths investigated range from 400 to 2,000 nm. The three different black fluids and deionised water are placed in a quartz cuvette and the transmittance spectra are measured. Once the transmittance spectra are acquired, the absorption spectra are obtained following the Beer-Lamber law [3] : A = -log T
(1) Figure 3 shows the Vis-NIR absorption spectra of the two black nanofluids and INK before being exposed to the artificial sun. Deionised water is also represented as base fluid in order to evaluate the change provided by the addition of carbon nanohorns or black soot (INK). It is noticeable that adding black nanoparticles, whether carbon nanohorns or soot, the absorption spectrum increases considerably in comparison to deionised water. This is especially true for the wavelength range from 400 to 1,400 nm, indicating better solar absorption. If comparing black fluids, it is found that CNH nanofluids present higher absorption values than INK fluid due to the nanoparticles have a larger specific surface than INK particles. Additionally, the NHSDS absorption values are higher than the ones of NHSDSPVP because double stabilisation works better (meaning is more efficient) than ordinary stabilisation. Consequently, larger nanoparticles are more often found in the nanofluid ordinaryly stabilised. It can also be seen that both deionised water and the black fluids have perfect absorption in the wavelength ranging from 1,400 nm to 2,000 nm. As fluids have been heated by an artificial sun during a period of time, absorption spectra were measured after that and they are shown in Fig. 4 . In this case, the most remarkable finding is that INK reaches higher absorption values than both black nanofluids in the range of 400 to 600 nm. As in the case before, the three nanofluids absorb more than the base fluid (deionised water) in a wavelength ranging from 400 to 1,400 nm. However, in the wavelength range from 1,400 nm to 2,000 nm maximum absorption is found to be for all working fluids identical. Analysing and comparing data of the working fluids before and after heating them, it appears that all absorption spectra of black fluids increase. Averaging the data over the measured wavelength, the increments obtained regarding deionised water for the different black fluids are shown in Tab. 1. In the three black samples, the absorption spectra increases after heating. In the case of NHSDS only an increase of 0.88%, in the case of NHSDSPVP an increase of 2.65% and in the case of INK an increase of 13.64% has been recorded.
Results of radiation experiments
Experiments have been carried out by exposing the glass cylinders shown in Fig. 1 to the irradiation emitted by the artificial solar sun for about four hours. First of all photos of the working fluids before and after heating are shown (Fig. 5 ). For the ordinary or single stabilised black nanofluid NHSDS (Fig. 5 left  photo) it is obvious, that the carbon nanohorns agglomerate and precipitate in both, before and after heating. The agglomeration in the sample taken before heating is simply due to aging. This in general indicates that ordinary stabilisation -as done for NHSDS -does not work sufficiently. The situation is completely different for the double stabilised NHSDSPVP (Fig. 5 middle) . Here nearly no differences before and after heating are seen. It becomes clear from this optical inspection already, that the double stabilisation employing both SDS and PVP is a must when it comes to solar nanofluids for practical real world applications. INK (Fig. 5 right photo) shows a so far not completely understood behaviour. The sample taken before heating shows clear sedimentation. This is a known fact from drawing ink employed for artwork or technical drawings. Before use such an ink must be shook to be revitalised. However, sedimentation seems to be suppressed by the heating taking place during the radiation experiment. More and detailed investigations with respect to stabilisation etc. have to be carried out.
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Figure 5: Working fluids before and after beeing exposed to artificial sun. All samples are taken from the originally concentrated suspensions. The abreviations BH and AH denote before and after heating. Figure 6 shows the normalised temperature developments inside the glass cylinders. Normalisation is carried out with the starting temperature t 0 . It is clearly visible, that while the distributions of pure deionised water fall nearly on top of each other the other working fluids show the less thermal increase the less the concentration. This is an expectable effect because the lower the concentration the more transparent the working fluids and therewith the less the absorption abilities. This is also true for the Chinese ink. After about three hours (180 min) all measured temperatures approach nearly constant values. Comparing the normalised temperatures inside the cylinders Fig. 7 is obtained. The two black nanofluids and INK show a significantly better performance only for the highest concentration (cylinder A). Already cylinder B (dilution 1/10 of the original suspensions) indicates that more or less no effect is obtained. Surprisingly cylinder C (dilution 1/100 of the original suspensions) and cylinder D (dilution 1/1000 of the original suspensions) show slightly lower temperatures than water. Moreover, the lowering seems to be least for INK. One may argue that this effect is due to a combination of the low absorption abilities of deionised water and the scattering by the small particles. When the concentration is sufficiently high the absorption of the black fluid outweighs the scattering phenomenon. However, when the fluid is not black enough -meaning not sufficient particles are available -it is the scattering phenomenon which outweighs. In such a case less energy transported by the radiation is kept inside the fluid.
Conclusions
Experiments to prove whether or not black nanofluids with different stabilisations and ordinary Chinese ink are suitable to be employed as solar nanofluids in volumetric solar absorbers are carried out. For that purpose a test rig consisting of an artificial sun and a sample holder for different black liquids is built and employed for radiation experiments. Pure deionised water is used as reference fluid. Two water based black nanofluids with carbon nanohorn particles stabilised either with SDS or with SDS and PVP are investigated. Additionally an ordinary drawing ink is tested with the test rig. The following conclusions can be drawn so far:
Stabilisation has a significant influence on the practicability of solar nanofluids. Double stabilisation employing both SDS and PVP seems to be a must when it comes to solar nanofluids for real world applications. Concentration of nanoparticles must be -even if compared with low classical heat transfer nanofluids -sufficiently high to obtain a significant absorption. Measured absorption spectra indicate a change caused by heating during the experiments. Further detailed work is needed to understand the interplay of absorbed radiation and particle development mainly agglomeration over time.
All together the obtained results seem to be a promising start for the development of black solar nanofluids. However, it will still take further efforts to find long term stable solar nanofluids with high absorption potential. So far ordinary black fluids like cheap Chinese ink cannot be recommended without several restrictions as solar nanofluids. 
